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The zoogeographical patterns of the forest faunas of treefrogs (Hype- 
roliidae and genus Leptopelis) in tropical Africa are analysed. This group is 
well-suited for such a work since especially the genus Hyperolius shows 
great diversification and signs of recent speciations. For the purpose of this 
analysis, the species are separated into sylvicolous (“high forest") and 
parasylvicolous ("farmbush"). The forests in this study are tentatively 
divided into ten forest blocks based on differences in the treefrog fauna, and 
such differences are analysed. 

The sylvicolous species of the genus Hyperolíus have a distribution 
pattern with a total separation at species level between forest blocks which 
may reflect the division of the forest belt through drier periods of late 
Pleistocene into a number of isolated refugia where moist forest and its 
fauna have persisted and may have resulted in allopatric speciation. The 
genera Afrixalus and Leptopelis show less diversification since the sylvi- 
colous species of these genera are separated into three regions, or groups 
of forest blocks, with groups of species common for these regions, but with 
no species common between these regions, and only slightly overlapping in 
southern Nigeria. These regions are West Africa west of the Dahomey 
Gap/Nigeria, Central Africa and the Eastern Forests. 

The parasylvicolous species show a fundamentally different distribution 
pattern. One group is found in West Africa and in Central Africa along the 
Atlantic coast but not far inland. Another group is found in Central Africa, 
including Cameroun and easternmost Nigeria and the forest block along the 
Atlantic coast. Finally one group is widely distributed in the dry parts of the 
Eastern Forests, The three groups are separated at species level, but the 
former two have a considerable area of geographical overlap along the 
Atlantic coast of Central Africa from Cross river southwards. The distribu- 
tion of the parasylvicolous fauna does not show well-defined ‘faunal 
breaks” similar to the sylvicolous fauna, but species diversification and 
distinction between vicariant taxa seem to have taken place at different, 
apparently “random” places, perhaps reflecting the original, linear distri- 
bution of this fauna in a narrow forest edge towards the savanna. 

The ill-delimited orophile treefrog faunas are found in three areas with 
full separation at species level: Mount Cameroun and the Cameronese 
ridge; the mountains in Central Africa (Albertine Rift and adjacent 
highlands); and the Eastern Arc Mountains. 

A recent proposal that the species structure in the genus Hyperolius 
can be traced back to Cretaceous is discussed. It is argued that climatic 
changes in late Pleistocene ar to explain the present species 
structure. 
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INTRODUCTION 


It can be argued that the exploration of Amphibia in tropical Africa is still so fragmen- 
tary that a comprehensive zoogeographical analysis is premature — or that attempts to 
perform such an analysis, even on an incomplete background, are useful as an inspiration for 
further studies. Such an attempt is presented here, based on many years of fieldwork in 
tropical Africa, and on the taxonomical work of many authors (compilation in SCHIØTZ, 
1999), 


The aim of the present paper is to analyse the zoogeographical patterns of the forest 
faunas of treefrogs in tropical Africa. For the analysis, these forest-related faunas are divided 
into two groups relating to their habitat, generally sympatric but not syntopic, i.e. sylvicolous 
(high forest) and parasylvicolous (farmbush/bushland) species. 


Treefrogs are here defined as the group conventionally termed the family Hyperoliidae, 
although recent studies (FRosr et al., 2006) indicate that the genus Leptopelis does not belong 
in this group (sce app. 1). The mainly Asian treefrog family Rhacophoridae has only one forest 
related member in Africa, Chiromantis rufescens, but there is some doubt (RÓDEL, in litt.) 
whether populations from western and central Africa are conspecific. This species is therefore 
not treated further here. 


The present attempt to base a zoogeographical treatment on ecological divisions is 
inspired by studies from West Africa (ScHioTZ, 1967) of the three clearly separate 
lowland faunas, associated with savanna, high forest and farmbush respectively. Among 
them, especially the latter is sympatric but rarely syntopic with the former two. It was shown 
in the West African study that these three faunas show three clearly different distribution 
patterns: the savanna-living species are generally widely distributed throughout the West 
African savanna and further East, often stretching to western Ethiopia and Uganda, the high 
forest species are clearly localised to “forest islands”, today partly confluent, and the farm- 
bush fauna has a wide distribution, with tendencies to subspecific or specific splitting up at 
apparently “random” places throughout West Africa. 


The paper is an attempt to carry outa similar analysis for the entire forest belt of tropical 
Africa, and more specifically to address a number of questions, such as: (1) is there a basic 
difference in the zoogeographical pattern of the two proposed “faunas”, sylvicolous and 
parasylvicolous, making it relevant to analyse the two faunas separately?; (2) what are the 
zoogeographical patterns for the two faunas?; (3) what is a possible explanation for these 
patterns? 


A problem with the present treatment based on an ecological division is that a direct 
comparison with Poynton's several papers (e.g. PovNTON's 1999 benchmark paper) is diffi- 
cult, since his approach, without a clear distinction between the faunas, tends to obscure part 
of what I see as the distinctness of the biogeographical regions and blocks. 

The African treefrogs are deemed suitable for such a study because; (1) their distribution 
is reasonably well known on a continental scale; (2) the taxonomy of the forest-related species 
is reasonably settled; (3) so are their habitat preferences; (4) they show signs of recent 
speciation; (5) they contain a sufficiently large number of taxa for analysis. 


Source : MNHN, Paris 


Fig. 1. - Division into forest blocks. 

The dotted areas on the map represent for West- and Central Africa moist, evergreen forest (rainforest) as 
climax vegetation. In Eastern Africa such areas represent rainforest in the Eastern Arc as well as 
dry, semideciduous forest inhabited by the parasylvicolous fauna. 

The numbers refer to forest blocks (see text) 1, Liberia; 2; Gold Coast; 3, Trans-Volta-Togo; 
4, Southern Nigeria; 5, Cross-Sanaga Coastal Forests; 6, Congolian Coastal Forests; 7, North- 
western Congolian Forests; 8, Central Congolian Forests; 9, North-eastern Congolian Forests; 10, 
Eastern Forests. 


Our knowledge of the distribution of the Amphibia in the forest regions of Africa 
spreads from very good (Cameroun, western Côte d'Ivoire, Eastern forests) to grossly 
inadequate (much of the Congo basin). 


The taxonomic knowledge of most treefrog genera is fair in the way that they have been 
subjected to rather recent treatments over large areas ~ sometimes continent-wide – although 
it can be argued that a thorough systematical treatment based on DNA, which will give us a 
deeper understanding of the phylogenetic relationships, has just started, and has until now 
been so sporadic that the conclusions drawn can be disputed. 

The level of knowledge of the two faunas, parasylvicolous and sylvicolous, is very 
different. The conspicuous and easily accessible parasylvicolous fauna tends to be well- 
known, whereas the sylvicolous fauna is incompletely known until searched for by experi- 
enced collectors, seeking unconventional and sometimes inaccessible places and finding the 
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Fig 2, - Transect lines used in tables 1-4, 


few and scattered specimens guided by their voices. The rule is therefore that the sylvicolous 
fauna tends to have been recently described and that new discoveries are mainly made in this 
group. 

Although most taxa treated here are known from a reasonable number of localities, the 
exact borders of their distribution are often guesswork. For the parasylvicolous fauna, in 
most cases we have a satisfactory density of records, and furthermore often sets of allopatric 
taxa — sometimes regarded as subspecies ~ replacing each other in a way we interpret as 
vicariance, not only geographically but also ecologically. The sylvicolous fauna is more 
difficult, A number of species were recorded only from part of the proposed ecoregion. 
Sometimes it is because only this part has been thoroughly searched, sometimes because the 
species may be confined to a wetter, "richer" core area. Both explanations seem valid for the 
rich fauna of western Côte d'Ivoire, the part of the forest block with most rainfall, but also by 
far the best explored forests in the Liberia block, The richness of the faunas of southern 
Cameroun compared to areas to the East and South may mainly be due to the thorough 
collecting effort here. A consequence of this uncertainty ~ not likely to be solved in the near 
future ~ is that whereas the distinction between faunas of the forest blocks can be assessed, the 
identification of the exact borders between them, especially in Central Africa, must be left 
open. 


Source : MNHN, Paris 


Table 1. — Distribution of sylvicolous taxa, from Sierra Leone to the Indian ocean, along transect W-X 
(fig. 2), 

The numbers refer to forest blocks (see text and fig. 1): E, Liberia; 2; Gold Coast; Э, Trans-Volta- Togo; D: 
Dahomey Gap: 4, Southern Nigeria; 5, Cross-Sanaga Coastal Forests; 6, Congolian Coastal Forests; 7, North-western 
Congolian Forests, 8, Central Congelian Forests, 9, North-eastern Congolian Forests; A, Arid Corridor, 10, Eastern 
Forests. FN, Footnotes. Note that block 8 breaks the linear sequence. +++, widely distribuled within the block, ++, 
collection effort insufficient to show distribution; +, only known from very restricted range in spite of ample collection; С, 
Central: E, East, N, North, S, South; W, West. Abbreviations of generic names in this table and next ones: A, Afrixoli E 
Acanthixalus; Al, Alexteroon; Ar, Arlequinus; C, Callixalus: Ch, Chlorolius; Cr, Cryptothylax, H, Hyperolius; К. Kassina 

L, Leptopelis; О, Opisthothylax; P. Phivetimantis. 


Species name i[2Ts]o[4[s[e[7[s [* T ^ [o [rv 


Н. chlorosteus ++ 
Н. zonatus ++ 
Н. wermuthi + 
Н. nienokouensis е 
К. lamottei + 
Ас. sonjae ele 
L. macrotis + | +t 

+ 

E 


A. vibekensis 
H. viridigulosus 
H, laurenti ++ 
Н. bohirensis + 
L. occidentalis HH [+++ 2 1 
A. nigeriensis +++ | +++ H 

H, torrentis + 
L, brevirostris + | 
О. immaculatus + |+ 
L. boulengeri 
Al. jynx + 
H. bopeleti $ 
A. schneideri ? 
Ar. krebsi ++ 
L. modestus ++ 4 
Ch, koehleri e| N 

H. acutirostris ++| N 
1. rufus MM m 
H. endjami ++ | +++ 
Al, hypsiphonus ++ fe | ++ 
Al. obstetricans tet] tee | ++ 
L. omissus | ++ [+++ | + 
L. erystallinoron 
L zebra BE 


ә 
x 

2 Sox 
ә 
Б 


1. Records from western Nigeria refer either to £ occidentalis or to L bowlengeri (SCHWTZ, 1967), 
2. Records from blocks 7-9 (LAURENT. 1973) are doubtful 

3. Erroneously termed а bushland species by Semar z (1999) (AMI 
4 Doubtful records further east 
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Table ! (continued). 


Species name 112 [3 [о [4 [5 [6 [7 [s [9 [^ | [иы 
Н. mosaicus NTN 
Н. ghesquieri + 
LL. o. schiotzi + 
|L. с. meridionalis ttt 
A. equatorialis H | He 
+ 
+ 


A. laevis ++ ++ 
Н. ocellatus +++ 
Ac. spinosus H+ | ++ 
L. millsoni He eee 
L. c. calcaratus apt Ре 
L. o. ocellatus ++ 
А. leucostictus 
С. pictus 

H. leleupi 

H. frontalis 

H. alticola 

L, kivuensis 

A. uluguruensis 
L. parkeri 

L, barbouri 

L. vermiculatus 
L. uluguruensis 
|H. tannerorum 
H. kihangensis. 


+++ 
aamun 


TOTAL 


5. Montane, endemic to the ombwe Plateau, 
6. Montane, endemic ta the Albertine rift mountains. 
* Five species from the Albertine rift mountains omitted (sce text), 


Extrapolation of the distribution brings an element of subjectivity into this study. I 
believe this to be defensible especially in the many cases where vicariant taxa replace each 
other. But there is a danger that preconceived ideas about the zoogeographical units filter into 
published range maps, thus making appear legitimate what is in fact only a working hypoth- 
esis, 


METHODS 


Detailed taxonomic information on taxa are not provided here. Appendix | gives the 
complete list of taxa mentioned in the text, with their authors and dates and their taxonomic 
allocation (in families, genera, species and subspecies) according to Frost et al. (2006). Some 
recent information can be found in Scuiorz (1999), RöDEL et al. (2003), Амт (2000, 2001, 
20046, 2005), LórrrRs & $снміт2 (2004), Dusots et al. (2005), LórrERS et al. (2005) and 
Кӧнігв et al. (2006). 


Source : MNHN, Paris 
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Table 2. — Distribution of sylvicolous taxa, from Cross river to Angola, along transect Y-Z (fig. 2). In 
order to seek maximal resolution, in this table forest block 6 is subdivided after the lines shown on 
fig. 8. The area between lines F and G is block 5, that between © and K is block 6. FN, footnotes. 
For other abbreviations, sce legend of tab, 1. 


Species name Е G H i J K L FN 
AL jynx + T 
Ar. krebsi ++ 
A. schneideri ? 
Н. acutirostris ++ + П 
H. bopeleti 5 + 1 
Н. endjami + ++ 1 
Н. mosaicus + 2 
A. laevis ++ | ++ 5 
L. zebra [ey 4 
L. crystallinoron * 
Ch, koehleri + ++ + 
L. brevirostris tet He + 2 
О. immaculatus 527 eem + 2 
L. millsoni ++ ++ ++ + 3 
L. calcaratus ++ ++ + + 3 
L. rufus ++ ++ + + + 1 
Al. obstetricans + + + + + 2 
L. boulengeri pe H+ + + 2 
Al. hypsiphonus He +H + m ze 2 
L. omissus MN ++ + | + + 2 
Ac. spinosus ++ ++ [| + + 3 
|L. ocellatus E + m E 3 
Н. ocellatus H+ ++ ++ + + 3 

s ШЕ = 
TOTAL (19) 19 2* 10 | 8 0 


1. Confined to block 5 and (part of) block 6. 

2. Aiso in south-eastern Cameroun, and presumably further east in block 7. 

3, Also further east in the Congo Basin. 

4. Distribution badly known. Found іп south-castern Cameroun, one record touches present area. 

* BURGER ct al, (in press) listed 30 treefrogs from south-western Gabon (sector I-J in present paper), 
including 7 or 9 unidentified species, but presented no information about habitat preference. 


The forest-related treefrogs in tropical Africa are divided into sylvicolous and parasyl- 
vicolous species as further elaborated on pages [0-12 and in tables 1-4. A search for clusters in 
their distribution was undertaken. The result is that the parasylvicolous fauna does not fall 
into well-defined clusters, but the sylvicolous fauna does. Partly based on such clusters of 
sylvicolous species and partly based on recognized zoogeographical entities characterized by 
distribution of other animals {OLSON & DINERSTEIN, 1998), the forest was tentatively divided 
into ten forest blocks (p. 12). An attempt was made to characterize these forest blocks by their 
treefrog fauna and to assess the validity and significance of the blocks. 


An attempt was made to make a hierarchical dendrogram illustrating the similarity 
between the sylvicolous treefrog faunas in the forest blocks using the Quotient of Similarity 


Source : MNHN, Paris 
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(QS) (SORENSEN, 1948): 2 x number of taxa common to both areas, divided by sum of totals 
of taxa from both areas x 100 (see p. 20 and fig 6). 


The statement of close affinity between habitat and fauna is based on numerous 
observations of animals at the breeding site. Anecdotal evidence points at a less rigorous 
affinity outside the breeding season, where, however, observations are scarce. 


The distribution data are taken from many sources, mostly compiled in Schi 


WHY TREEFROGS? 


It has been shown earlier in a study from West Africa (Scuiorz, 1967) that the treefrogs 
seem well suited for a zoogeographical analysis, in fact better than other Amphibia. Especially 
the genus Hyperolius, which seems to be in a process of recent speciations, shows a finer 
geographical separation at the species- or subspecies-level through West Africa than most or 
all other genera. The genera Afrixalus and Leptopelis show less splitting-up, but still a 
significant one. Genera in other families are less suited for such an analysis, sometimes 
because their taxonomy is far less understood. For instance, the large genera Phrynobatrachus 
and Arthroleptis (only surpassed by Hyperolius in number of species), suffer from an unsettled 
taxonomy. To measure with confidence the level of taxonomic uncertainty is hardly possible, 
and is not always apparent from published fauna-lists, but an indication of the uncertainty is 
that J.-L. Amict, a most meticulous worker in the best explored country in tropical Africa, 
Cameroun, only lists 3 certain names in the genus Arthroleptis out of a total of 12 species 
occurring in that country, and only 8 certain names out of 20 species of Phrynobatrachus 
(Амет, pers. comm.). Such reservations, even from a very well-explored area, make the 
genera unsuited for continent-wise zoogeographical analyses. Amiet in comparison lists none 
of the 24 Hyperolius and none of the 16 Leptopelis taxa as taxonomically unsettled. 


THE TWO FAUNAS IN THE AFRO-TROPICAL FOREST 


As generally acknowledged, two well-defined faunas of Amphibia co-exist in the forest 
belt. sympatric but normally not syntopic. The first one is, at least in the breeding season and 
on breeding sites, strictly confined to reasonably undisturbed closed-canopy forests and has 
been termed the High Forest Fauna ($снют2. 1967, 1975, 1999). The other is confined to 
disturbed, often heavily disturbed forest, cultivated clearings in forests, dry forests and 
well-developed gallery forests in the humid savanna, The name Farmbush Fauna was used 
in Scutorz, (1967, 1975) for this fauna, changed to the Bushland Fauna in Scutorz (1999). 
The change, which may have been unfortunate, was undertaken because several colleagues, 
mainly those not familiar with the tropical moist lowland forests of Africa. had difficulties 
with the distinction between the two faunas and in understanding the name farmbush which 


Source : MNHN, Paris 
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Table 3. Distribution of parasyly.colous taxa. from Sierra Leone to Ango a, along transect W-Y-Z (fig 2). Capital 
letters refer to “breaks” (see fig. В) as distinct from the forest blocks of table 1 EW and EE delimit the 
Dahomey Gap. FN, footnotes. For other abbreviations, see legend of tab. 1. 


Species name 


A B 


с 


D Ew Бе 


F 


в 


н 


K LFN 


H occidentalis 
H mmbae 

K cochranae 

K arboricola 

P boulengeri W 
H picturatus 

H. baumann 

H f fusciventris 
H f. lamtaensis 
Hf burtom 

H f зэр. 

L, hyloides 

H c concolor 
H с ibadanensis 
Н. c. ssp 

Н 5 iworensis 
Н s. хуманих 
H. s. mgeriensis 
H guttulatus 

4 d dorsalis 

4 d regularis 
Р boulengeri Е 
Н mherculatus 
A lacteus 

ІН, ғ riggenhachi 
H, r. fneroghphitus 
H camerunensis 
1, notatus 

H bolifambae 
H huligae 

A paradorsates 
Н dintelmanm 
H pardalis 

L auhi 

Н phamasinus 
H platveeps 

H adspersus 

Р donandi 

Cr greshoffn 

1E cinnamomeoventi is 
А osorun 


TOTAL 


eer 


+ 


1 


eee 
++ 


++ 
en 


+H 


den 


He 
+H 


++ 


жк ++ 
+6 ы 


en 


++ 
ве +++ 


tH 


te 


T 


+++ 


++ 


++ 
++ 


+ 
= 


+ 


T 


++| ++ 


anas 


АЕ Е: 


ae} te 


П 
010) 


17 


s [304 


1 Known only from a very small area near cutting linc B 


Largely montane, en 


wn alcatified spes. 


Confined to а smat are 
Doubtjul L ganda record 

Distribution virtually unknown dac to confusion wath А7 очиз 
BUaGER eal Qn press) hsted 30 1гссЇторх from south weste Gabon (sector 1) in present pape 
ented po intormation about habitat prelerer «e 


but pr 


c to the Cameronese порт 


The элеу separated P. houlengert East and West are here treated as separate taxa 
Possibly separate. vicariam spectes (RUDEL & ERNST, 2003, RO. L el al , 2005) 


| including 7 or 9 
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Table 4 — Distribution of parasylvicoloas taxa, from Cross river to the Indian ocean, along transect Y-X 


(fig. 2). 


Only species ocurnng east of Cross river are meluded, For species further west, see table 3, Numbers refer 10 
forest Bucks (Fg +) since data are (o0. ncomplete to suggest divid ng breaks. Block 6 is only touched in its northern part 


Blocks 7, 8 and 9 do not form a tear sequence. For other abbreviations, sce legend of ib. | 


Species name 5 6 7 8 EI А 10 FN 
A fuseiwenires p i 
H concolor ++ 1 
Н svivanicus Me 1 
H bopeleu + 
А lacteus + 2 
H r. riggenbachi + 2 
H r heroghphicus + 2 
Н camerunensis + 
H gunulatus + н з 
4 dorsalis. ++ -— 3 
P boulengeri E. += N | 
H dintelmanni + 1 
A рагайоеайз +H ++ w | 
H bolifambae e e+ 
[ anbrvr e „| + 
H adspersus + ++ | у 4 
H їшгае + + | w 
H pardats - | + 
P leonardi Sob cw № 
H platveeps =” | w E 
L nniotus e e] oe e| 
H phantasticus. -+ f ++ 
C greshoffi + ++ ++ 
Н tubercntanes m pee ++ ++ m 
H crunumomeoventes ae | +++ | + e 
L christi 13: 7T] ++ 5 
А, osortor ЛЕ ee m 
K mertensi | + He 
H robustus + | 4+ 
Р verrucosus m | ++ 
boe 
Ho hatsebant + 
H castanens | + 6 
H фаегайу | pe 
1. mackavt | E 7 
H kivuensis te x 
H pum tic alatus. | P 
H michel | + 
1. flavomaculatus. | ++ 
H rubrovermicuitus | | N 
A заки | N 
P етае M 9 
Totat 18 7 m n в 6 
(14 


A зчке нтоу further west (lable 3) 
2 Montane endemic to the C ameronese ridge 

¥ Occurring further west and south Gable 3) 

4 Disiribuuon badly known 

5 Cameronese populabons may belong to а different taxon (Aati T. 200411 

6 Montane froin Albertine rift mot mama 

7 Only know n from western Kenya possibly also m Republig se Danocraty que du Congo. 
х Also dense savanna south of forest be t 

Y Habitat preference adis understoad 
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is meaningless in the savanna and dry forests where farmed or degraded land harbour the 
same fauna as unfarmed land. To avoid such misunderstandings, I will instead use terms 
which may give fewer associations, namely sy/vicolous for the High Forest Fauna, and 
parasylvicolous for the Farmbush/Bushland fauna, names proposed by Amer (1989) – m 
French as syhicole and parasylvicole m addition to the term savanicolous for the savanna- 
living forms. 


It was shown for West Africa (ScHto1z, 1967) and for Eastern Africa (SCHIOTZ, 1976, 
1981) that the zoogeographical patterns for the sylvicolous and the parasylvicolous faunas 
differ profoundly from each other (and both differ profoundly from the pattern of the savanna 
fauna), so that the most "precise", and therefore most informative picture is obtained by 
keeping these faunas separate. This is therefore also done in this study. 


The 103 forest-related treefrog species — 115 taxa when considering recognized subspecies 
suited for analyses can be separated into 49 parasylvicolous and 54 sylvicolous species, or 
59/56 when subspecies are considered, plus a few excluded species (app. 3). Since the 
separation into the geographically largely overlapping sylvicolous and parasylvicolous faunas 
can only be undertaken based on a thorough field-knowledge of the forms, there is a certain 
element of subjectivity in this separation and it can hardly be expected that workers in 
different parts of the forest belt agree completely on the distincuon between sylvicolous and 
parasylvicolous species. It might, however, be relevant to compare this distinction in two 
comparable areas covered by different workers, namely the rather well-investigated West 
Africa west of the Dahomey Gap (mainly Schiøtz and Rodel, compilation in Scuiorz, 1999 
and Róprr, 2000) and the very well investigated Cameroun (mainly Mertens, Perret and 
Amiet, compilation in PERRET, 1966 and Амігт. pers. comm.). West Africa has 14 species of 
sylvicolous trecfrogs, 13 parasylvicolous; Cameroun has 22 and 23 respectively These ratios 
could indicate that the distinction between the two faunas by the two set of workers is 
congruent, supported by the fact that Amiet’s and my references to habitat ty pe for the species 
we both know from the field is identical. 


Practical field experience is deemed necessary, The division in this paper is thus based on 
the author having encountered 81 of the 115 treated taxa їп the field, supplemented with 
Amiet's field experience of an impressive 46 taxa out of a total of 48 in Cameroun, of which 
21 have not been encountered in the field by me (Амит, 1986 and in litt ) Habitat preference 
for the taxa encountered neither by Amiet nor by me is given by a number of other authors, 
accepted here since there ts no disagreement with these authors’ general allocation of species 
to habitat. A compilation of data for distribution and habitat preference is found in SCHIOTZ 
(1999), supplemented with data found in the description of more recently described species 
(see Dt Bots et al.. 2005) Only a recent paper by WIEC ZORTK et al (2000) differs profoundly 
from the present paper in its allocation of Z/rperofes to habitat (discussed further p. 30). In 
spite of his many years in Africa, Laurent. the authority on the African treefrogs, only rarely 
mentioned habitat affinity in his papers. 


1t should be noted that the habitat affirity, even of the rarer taxa of which only few 
specimens have been collected. ıs normally based on many records of voices where the 
collectors especially would investigate frogs calling from an unusual place. Exceptions from 
the habitat affinity should therefore be stressed rather than downplayed by our collecung 
methods. Since it 1s to be expected that every species has its own ecological requirements and 
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preferences it is not surprising that some species do fall outstde this mgorous division, 
sometimes perhaps because of a broader requirement, sometimes perhaps by requirements 
not expressed by the sylvicolous/parasylvicolous division. Such specics are dealt with in 
appendix 3. 


Amiet has in his later papers (first AMieT, 2001) introduced the term phonoc énose for the 
"sound-scape" in which the calling males are found, “des ensembles d'espéces qui exercent 
leur activité vocale... pendant la méme période de l'année et dans des sites présentant des 
caracteristiques écologiques similaires". He uses this concept їп addition to, not replacing, his 
distinction between sylvicolous and parasylvicolous species. This term 15 perhaps a more 
precise definition of what I have called “faunas”, for strictly speaking we know very little of 
the affinity to the vegetation outside the breeding season and breeding sites. Very few 
specimens are collected outside the breeding season and breeding sites, and there is some 
anecdotal evidence that some migration through "alien" vegetation occurs, at least for 
savanicolous and parasylvicolous species (ScHioTZ & Юан, 2003 143; Amtes, in litt) On 
the other hand, the term phonocénose may be too narrow for the present purpose since, at 
least within the sylvicolous species, some are connected with small streams, others with small 
stagnant swamps, etc. They may not belong to the same phonocénose, but are here regarded 
as belonging to the same fauna. Also the timing of breeding activity in the rainy season may 
separate species belonging to the same fauna into different phonocénoses, 


Poynton, in several papers, expressed some reservation as to the link between Amphibia 
distribution and vegetation (e g.. POYNTON, 1962 34: “large-scale faunal patterning which 15 
determined mainly by the vegetation patterning should be treated with a great deal of 
caution”), My approach, however, is to regard affinity to the vegetation types as the funda- 
mental basis for the distribution of the species. We do not know specifically which factors are 
decisive, but field observation (not only of frogs) demonstrates clearly this dependence, and 1t 
is extremely rare to find specimens in "the wrong vegetation” Microclimate, so dramatically 
different especially between savanna and closed canopy forest, may be one factor This could 
explain PoyNron’s (20005) observation that species which are forest-limited in lowlands, 
sometimes occur in open formations at high altitude. 


The smallest recognised systematical unit. subspecies, 1s used in this paper It is notewor- 
thy that no cases are known of different subspecies within a species occupying different 
habitats. Habitat affinity seems to be a fundamental species character The two faunas, 
sylvicolous and parasylvicolous, are thus taxononucally separate at species level, and are 
approximately of similar magnitude of species diversity in any given area 


FOREST BLOCKS 


A basis for the present study 15 the forest ecoregions proposed by the World Wildlife 
Fund (WWF) in their “Global 2007 study (Ot son & DINERSTEIN, 1998) WWF's division into 
ecoregions 15 а consensus result of wide consultations with workers familiar with different 
animal and plant groups. An ecoregion is defined by WWF as “a geographically distinct 
assemblage of natural communities that share a large majority of their species, ecological 
dy namics and environmental conditions” This division differs somewhat from that proposed 
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by Роүмтом (1999), whose definition of regions is more pragmatic “a region is... an area 
covered by a perceived set of species ranges". Another definition — even more pragmatic is 
that of Note (1924, 152) for his biogeographical regions: “convement areas for distribution- 
al discussion”. 


Since several of WWFs ecoregions invite to further subdivision when looking at the 
fauna of treefrogs, several of them has been subdivided m this paper into forest blocks based 
оп a perceived set of species ranges. [n this paper, the term forest block is used for all the units 
studied here. Unfortunately, the terminology for blocks used here 1s not directly comparable 
with the divisions ın PoYNTON (1999) (арр. 2). 


THE SYLVICOLOUS FAUNA 


DISTRIBUTION 


In this study, ten forest blocks (fig 1) are tentatively recognised as a basis for discussion of the 
distribution of the sylvicolous fauna. They are a result of my analyses of the distribution of 
the sylvicolous fauna. The parasylvicolous fauna has not contributed to their characteriza- 
tion. The validity and significance of these blocks are described and discussed in this and the 
following chapter and tables 1-2. 


Block 1. Liberia Block 


Distribution. From western Guinea, western Senegal and Sierra Leone to V baole which 1s 
a tongue of savanna stretching almost to the coast along Bandama river in eastern Cóte 
d'Ivoire. 


Knowledge. Well explored (Laurent, 1958. Gciwe & Lamotte, 1958; Rove, 2000. 
Scuiorz, 1967). 


Description -Forest degraded and fragmented The westernmost part (western half of Sierra 
Leone, western Guinea and Senegal) seems to harbour a dry part of the forest with only one 
sylvicolous species, АЙ perolus chlorosieus, recorded The parasylvicolous fauna it this part is 
distinctive (p. 26). 


Endemucs — Hiperoliis chlorosteuv; *H enokouensis, Н еттин. H conatus, *Kassina 
lamotter Species marked with * are only recorded from the central part of the region 
Block 2. Gold Coast Bloc 


Distribution. - Eastern part of Côte d'Ivoire from V-baole eastwards to Volta river in eastern 
Ghana 


Knowledge. — Rather well explored (ScHtoTz, 1967). 
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Description. — Forest much degraded and fragmented. 


Endemics. - Hyperolius bobirensts; H. laurentr; Н viridigulosus The latter occurs also in the 
easternmost part of block 1, east of river Sassandra. 


Block 3. TransVolta-Togo 


Distribution А narrow peninsula of forest-clad hills and low mountains in Ghana east of 
Volta river and in western Togo. 


Knowledge. - Not well explored (Scuterz, 1967, RopeL & AGYEI, 2003). 


Endenics – Two endemic treefrogs, the parasylvicolous Hyperolius baumanni and the sylvi- 
colous H torrentis. 


Block 4. Southern Nigeria 
Distribution. From the Dahomey Gap (or Benin Gap) to Cross river, 


Knowledge. - The parasylytcolous fauna is well explored, the sylvicolous fauna that may exist 
їп the few and scattered remaining forests ıs almost unexplored ($Сніот2, 1967) 


Description, - Southern Nigeria from the border with Benin to Cross river 15 today а 
forest-savanna mosaic so heavily influenced by man that closed-canopy forests are few and 
scattered. These forests have not been the subject of qualified collection, so the sylvicolous 
fauna, if still existing, 1s almost unknown. Collections indicate one, possibly two sylvicolous 
species belonging to western blocks (Afrixalus nigeriensis: possibly Leptopelis occidentalis), a 
few to the eastern (Ophistothy lax immaculatus; Leptopelis brevirostris, possibly L boulengeri) 


Block 5, Cross-Sanaga Coastal Forests 


Distribution From Cross river in eastern Nigeria to Sanaga river m Cameroun, covering the 
coastal lowlands and the forested parts of the Cameronese ridge. 


Knowledge Very well explored (Perret, 1966; Амет, 1986). Unpublished fauna list 
distributed privately by Amiet in 2004 (Амігт, pers. comm.). 


Deseriptton The lowlands are today a mosaic of humid forest, degraded forest and 
farmland. Mount Cameroun and the Cameronese ridge have a number of species often 
regarded as montane but, according to Amiet (m Intt.), only Afri vali fac tests 15 strictly so. 


Endemics. "Montane" species, endemic to the паре, are’ Hyperolius rregenbacht (found also 
at low altitude on the Benue plains), Afrrvalus fac tens and some populations of Leptopelis 
modesto. In lowlands, Arfequmuy krebsi, Alexteroon утпа and the enigmatic Afrixalus schier- 
deri 


Block 6 Congehan Coastal Forests 


Distribution -Stretching from Sanaga river in Cameroun ina belt along the Atlantic coast to 
Angola South of Cameroun, the vegetation is a mosaic of forests and savannas The eastern 
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hnut towards block 7 1s not well defined. The southern lumit seems to coincide with the border 
Angola-République Démocratique du Congo although one, probably two parasylvicolous 
species, Afrixalus dorsalis and probably Hyperolius adspersus. are found as far south as coastal 
central Angola 


Knowledge Northern part (Cameroun) is very well explored (sce under block 5) Scattered 
collections from further south: mount Alen, Equatorial Guinea (Lasso et al., 2002; Riva, 
1994), central Gabon (ЕВЕТЕҮ et al., 1998, 2001), south-western Gabon (BURGFR et al., 2004), 
south-western République du Congo (LARGEN & Dowserr-LEMarRE, 1991) and Mayombe, 
coastal République Démocratique du Congo (LAURENT, 1943, 1972, 1976, 1982). 


Description, The northern, well explored part (Cameroun) has one endenuc species, 
Hyperolis dintelmanni, and shares the following with block 5° H acutirostris, Н. bopelen and 
Chlorolius koehleri Hyperolius endjami and Leptopelis rufus are endemic for block 5 and 6. In 
north-western Gabon, Leptopelis crystallimoron 1s found Several species are common for 
block 5 and 6 and furthermore occurring to the east (table 2) Otherwise this region ts 
characterised by the occurrence of a number of West African parasylvicolous spectes (p. 26) 
No sylvicolous species is known south of the border Angola-République Democrauque du 
Congo. 


Block 7, North-western Congolian Forests 


Distribution. - Preliminary delimitation are Ubangi and Congo rivers and to the west the 
Congolian Coastal Forests. 


Knowledge. - The part of the forested Congo cuvette situated in south-eastern Cameroun has 
been explored by Amiet but, according to him (п htt), needs further research. The remaumng 
area 15 virtually unexplored, The entire Congo basin (blocks 7, 8, 9, part of 6) has been 
covered by papers by LAURINT: Hyperolius (1943), Leptopelis (1972h), Crvptothy lax, Kassina 
and Phlyctumantis (1976), Afrtxalus (1982). Outside of the three old national parks these 
Papers, however, are based on scattered and limited material. Of these parks only part of one, 
Parc National des Virunga, 1s within the scope of the present paper. 


Endemics. — No endemic treefrogs are known for this block. 


Note. The Congo-Lualaba and Ubangt rivers are regarded by WWF (OLson & DINI RSTI IN 
1998) as borders between ecoregions here listed as 7, 8 and 9. It may seem doubtful if rivers. 
in the wettest forest or swamp forest along them really are major zoogeographical borders for 
Amphibia. 


Block 8. Central Congolian Forests 


Distribution The forested parts of the Congo basin, south of the Congo-Lualaba 
river, 


Knowledge Тһе least known of the ecoregions. Only lew, scattered collections (Sc moz. 
2006) 
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Endemis — Cryptotfi lax minutus, Kassina mertensi, Hyperolius ghesquiert, Н. robustus and 
И sankuruensis are recorded only from this region, but since they atl are known only from a 
single or very few localities, their real distribution is unknown. 


Block 9. North-eastern Congolian Forests 


Distribution East of Ubangi river, north and east of Congo-Lualaba river, here taken also 
to include forests at medium altitude in Uganda and westernmost Kenya. In WWF's Global 
200 (OLSON & DiNrRsTEIN, 1998), the eastern border ts set at the Albertine rift 


Knowledge Virunga National Parc (mainly savanna-forest mosaic) 1s well explored (Lau- 
RENT, 1950, 19724), but in spite of large collections the sylvicolous lowland fauna is virtually 
unknown There are lowland collections mainly from the Ituri area (NOBLE. 1924, names 
updated by Poynton, 1998) and from montane western Uganda (Drewes & Vinnum, 1994), 
and collections from forests at Jow and medium altitude in Uganda and western Kenya 
(Ѕсніот2, 1975; SCHICK et al, 2005) Otherwise very few collections exist. The suggested 
border areas between this block and blocks 7 and 8 are quite unexplored. 


Endemics. From lowland, the imperfectly known H)peroltus ferrugineus and Н langi 
(appendix 3). Afrixalus leucostictus may also be endemic’ one doubtful record exists from 
block 8 (LAURENT, 1982), this specimen has been examined, and 1 find it impossible to decide 
whether itis A. equatorialis or A leucostictus Endemic are also the parasylvicolous Leptopelis 
fiziensis, L. mackayi, Hyperolius lateralis and H hutsebauti 


The Albertine Rift mountains and highlands harbour a number of montane forest- 
related treefrogs, all endemic to these mountains, several of them very poorly known and with 
no ecological information: Callrvalus pictus, Hyperolus frontals, H alticola, H castaneus, 
*H chrysogaster, *H diaphanus, Н teleupt, *H. leucotaenius, ҰН xenorlunus, *Leptopelts 
fenestratus and L. knuensis Those with an * are omitted in this study because of lack of 
information about habitat. 


Block 10. Eastern Forests 


Distribution The forest block, as here understood, consists of small patches of moist, 
closed-canopy forests in castern Tanzania and Malawi (Eastern Arc mountains and outlying 
mountain blocks to the south) with a mixture of sylvicolous and parasylvicolous species, and 
of areas of dry, semi-dectduous forests in the lowland to the east and south-east of the Eastern 
Are with a mixture of parasylvicolous and savanicolous species. The dry forests form a mosaic 
with Miombo Woodland from coastal Kenya to north-eastern South Aftica This latter area 
has been termed castern lowlands (ScHut0127. 1976; Poynton, 1995, 1999) The southern 
border of this block 1s here set at approximately 22°S, which seems to represent the southern 
limit of the parasyh icolous tropical fauna of treefrogs (Lepropehs flavum ulati, Hyperoluis 
puncticulatus and Н писк) Other parasylvicolous species occurring further south. in 
South Africa, are not treated in thus study 


The eastern forests are separated from the forests in Central and West Africa by an 
impressive gap of dry savanna, approximately 500 km wide or morc, termed "the and 
corridor" by POYNTON (1995) 
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Knowledge. — Well explored (Scutorz, 1975, Poynton, 20005). 
Endemics. The entire sylvicolous and parasylvicolous fauna in this block 15 endemic. 


Description. It 1s important to note that the large forest block “Eastern Forests" as here 
understood differs profoundly from the other forest blocks: whereas these other blocks have 
closed canopy forest ("rainforest") as their climax vegetation and have been almost totally 
forest clad until the influence of man, the climax vegetation m the eastern forests outside of 
the Eastern Arc is either dry, semi-deciduous forest or forest-savanna mosaic. Only on the 
Eastern Arc and a few areas to the south of them is the climax vegetation moist evergreen 
forest with a sylvicolous fauna The distinction between forest types versus the distinction 
between a montane and a lowland fauna is discussed on p. 19. 


Discussion 


Tables 1 and 2 summanize the distribution along transect lines (fig. 2), subdivided in table 
2 as in fig, 8. 


The sylvicolous fauna shows a complete separation at species level between the 
three major regions with the Dahomey Gap or southern Nigeria as one divide, the And 
Corndor as the other. These regions are thus: (1) West Africa west of the Dahomey Gap; 
(2) Central Africa from southern Nigeria eastwards, (3) the forests of the Eastern Arc 
mountains. These regions can be subdivided mto a number of forest blocks as indicated above 
(fig. 1). 

‘The West African forest blocks 1 to 3 are reasonably well explored, well defined and well 
delimited They differ most conspicuously in the genus Hyperolius for which each block has its 
distinct fauna of sylvicolous species. Three of the endemic spectes in block 1 are only known 
from the central part of the block, western Côte d'Ivoire (Kassina lamotici, Hyperotnes 
wernutli and H menokouensis) This central part of the block is the best investigated, which 
might explain why these secretive species were found there, or the species may be confined to 
the wettest, central part of the block, as suggested by ROvEL (in litt.) 


The blocks west of the Dahomey Gap (blocks 1-3) are completely separate at species level 
from block 5 and eastwards, but the badly explored and much degraded southern Nigeria 
(block 4) seems to represent a transition, with the occurrence of the western Afrrvalis 
nigeriensts and the eastern Opisthetin lax ammaculatus and L. hievirostris. Either the western 
L ocidentais or the eastern L boulengeri were collected there (Schotz, 1967) 


Blocks 5 and 6 have today a confluent forest cover, bat with signs (patches of savanna) of 
having formerly been divided by а savanna tongue along the Sanaga tiver (Ami T, 1987). In a 
study of some typical Cameronese amphibia not including апу trecfrogs . Amit T (1987) has 
demonstrated the importance of the Sanaga river as а border between several species or 
subspecies pairs, such as Leprodactviodon a albis entris versus L a Бисапих. Leptodaci lodon 
matis vs. Lo sentrunarmoratus, Astlosternus diidemanis vs. A batesi, and Cardioglossa 
mgeomaciulata vs. C. gratiosa In general the diflerence in the treefrog fauna in Cameroun 
north and south of the Sanaga river ts not conspicuous (Амит. in lat } АА qum kiehu and 
Ak uevoon nin are endemic to the northern block. H perofais mosaic te occurs only south of 
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the river whereas Нурегойиз acutirostris and Н. endjami are common to block 5 and the 
northern, Cameronese part of block 6 Leptopelis rufus seems endemic to the entire blocks 5 
and 6 


The fauna of block 6 1s not very distinct. Almost all the sylvicolous treefrogs known from 
this block are found also in block 5 to the north and/or in blocks 7-8 further east (table 2) The 
part of block 6 situated south of the Cameronese border seems poorer in species (both 
sylvicolous and parasylvicolous) than the Cameronese part of block 6 It cannot be said 
whether this is due to the fauna becoming poorer south of Cameroun as is the case when 
moving from Cameroun to the west or because there has been far less collecting effort in this 
area. 


Block 7, south-eastern Cameroun and north-western Congo, has no sylvicolous species 
distinct from block 6. This is probably not due to lack of collecting, for although much of 
region 7 is virtually unexplored, its north-western corner (south-eastern Cameroun) is well 
explored. Of block 7, only the north-western corner, т Cameroun, is explored, of block 9 only 
the north eastern, leaving a virtually unexplored gap of more than 1000 km, and we comple- 
tely lack collections showing whether the suggested borders between the blocks or ecore- 
gionsin WWF's terms 7, 8 and 9 (Congo and Ubangi rivers) are well-defined faunal breaks, 
or whether the fauna changes gradually 


Block 8 is the least explored of the recognized blocks, since only scattered, rather 
unsystematic collections have been made. Attempt by the author to collect та this block in 
1975 and 2005 met only with limited success and could confirm an impression of a species- 
poor fauna. The five apparent endemic species for this region are so badly known that nothing 
can be said of their real distribution. 


Block 9 has apparently only one endemic sylvicolous lowland species (Afrixalus lencos- 
псіх albeit with one doubtful locality зп block 8), in addition to a number of species confined 
to highlands at the Albertine rift. In the lowlands outside these mountains the numbers of 
sylvicolous species are low (5) which seems difficult to explain except as a collection artefact, 
remarkable in view of the large collections made in Pare National des Virunga, also m its 
low-lying, partly forested parts (LAURI Nr, 1950, 1972) Large collections by non-spectalists 
do, however, not necessarily mean that all species are ultimately found. Only 3 sylvicolous 
Leptopelis and no sylvicolous lowland А, perofis. reported from this area would point 
towards grave under-collecting. 


Forest block 10. Eastern Forests. has a fauna, both sylvicolous and parasylvicolous. 
completely separate at species level from the fauna of the remaming blocks. The sy)vicolous 
fauna is almost exclusively found in the forests of the Eastern Are where local topography has 
ensured sufficient rainfall to татат a closed canopy forest also through dner periods. 
Considering the minute size of these forests, probably also in the past, the fauna is quite rich. 
The forests are today spht into a number of isolated units the best explored of which are 
eastern Usambara, western Usambara, Uluguru and Udzungwa. The distribution pattern 
between these rsolated forest "islands" seems very similar to the pattern of the two major West 
African regions, | and 2, namely that the genera Leptopelis and Afrryalus have species m 
common [or these "islands", whereas the two known sylvicolous И perotis seem endemic to 
one of the islands. The distributions of these sylvicolous Hi резо аге, however, not well 
known — both species are only known from the type tocahty — and they may be more widely 
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distributed, so no attempt was made to divide the Eastern Arc Forests mto separate forest 
blocks on this slender evidence. The dry forests in the lowlands, including the coastal forests, 
harbour a parasylvicolous fauna (p. 26). 


The fauna and flora in the Eastern Are Forests is conventionally termed a montane fauna 
and flora (eg., Lovrrr. 1988, 1990; PovNTON, 1990, 1999, 2000, Роумтом et al.. 2006) as 
different from the lowland fauna, the forest-related fauna m the eastern lowlands. I have ın the 
present study preferred to distinguish between a sylvicolous and a parasylvicolous fauna 
rather than between a montane versus lowland fauna. Although we do not know the causal 
connections between altitude and/or vegetation and the distribution of animals, I do find 
such a distinction more relevant for a study of the treefrogs since the known altitudinal ranges 
(app. 4) do not seem to support a distinction based on alutude, The sylvicolous fauna 15 found 
as far down as the closed canopy forest (to 200 m on eastern slopes of the Usambaras), 
whereas the parasylvicolous fauna is found as far up as the right habitat (degraded forest and 
farmland) 1s found ın the Eastern Arc mountains as well as in dry forest in the lowland. The 
closed canopy forest seems to harbour the sylvicolous fauna of treefrogs regardless of its 
altitude, and the degraded forests harbour the parasylvicolous fauna regardless of its altitude. 
Some species (//урегойиз tannerorum, Н kihungensis and РМусптапи» keithae) were only 
recorded from localities higher than 1400 m, but since they are only known from one or a few 
localities 1t 15 unclear whether they are confined to such altitude. I do not sce a dramatic 
deviation from common thinking by viewing the distribution of the treefrogs from a 
sylvicolous/parasylvicolous perspective rather that one determined by altitude, remembering 
Hengeveld's dictum, cited in Poynton & BRoADL v (1991): “[biogeographical] classifications 
are not right or wrong, only useful or not”. 


The general picture for the sylvicolous treefrogs in. tropical Africa 15 that the genus 
Hh perofius shows the maximal species diversification (fig 3) with distinct species in each forest 
block This is clearly the case in Western Africa and along the Atlantic Coast (blocks 1-5 and 
the northern part of 6), whereas the data for Central Africa (blocks 7-9) are far too incomplete 
to draw any conclusion In fact, the only sylvicolous Из perofun we know from these regions 
are known from single localities. In the well-explored Eastern Forests, the only known 
sylvicolous Myperolius, H tannerorum and H Кїйїп епм», seem to be confined to one forest 
each (western Usambaras and Udzungwas), although they may have been overlooked 
elsewhere 


Hyperolius occllatits seems to be the only sylvicolous Hyperolius breaking this pattern, 
bemg found in blocks 5, 6. 7. 8 and 9 It may be significant that this is а species being both 
sylvicolous and parasyl icolous (Амит, 1986. in litt ), although predominantly sylvicolous. 


The genera Leptopelis and Afrixalus are more widely distributed (fig 4). in most cases so 
that one set of species is found in West Africa (block 1-3), another in Central Africa (5-9) and 
yet another in the Eastern. Forests. Afevreroon may belong to this group, although the 
distribution of its three members outside of Cameroun is badly known. 


Finally, there 15 a group of sylvicolous amphibia with a wide distribution in blocks 1 to 
9, namely. with our present understanding of their taxonomy, some Bufo and Ри нс na, and 
the only sylvicolous rhacophorid. Chiromantrs riesce. No syivicolous Hyperoliidae or 
Leptopelis has such a wide distribution (fig. 5). 
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1 H chlorosteus. 
2 Н laurent 
3 H torrentis 
4 Н acutirosins 
5 Н lannerorum j 
6. H kinangensis а E ү 


Fig 3 Maximal species diversification sn sylvicolous Amphibia This pattern is shown by sylvicolous 
Hyperolius Our knowledge of the sylvicolous Hy ретойих in the Congo basin is not sutficient to 
indicate distribution here 


The genus Kessina has only one sylvicolous member, К famottcr from western Côte 
d'Ivotre, Рт rimantis and Cry protiylay none The genus Acanthixalus ts so cumbersome to 
collect that little can be said about sts real distribution. One species 15 known from two 
localities in West Africa, the other species from a few widely scattered localities in Central 
Africa. Opisthothylax consists of one sylvicolous species in Central Africa. 


An attempt is made to make a hierarchical dendrogram illustrating the similarity 
between the sylvicolous treefrog faunas in the forest blocks (fig 6) through the Quotient of 
Similarity (QS) (р. 7) The QS should in the present case be taken with great reservation since 
several blocks are badly explored and/or the number of taxa is so low that the discovery of a 
single or a few taxa may change its value considerably Therefore blocks 3 and 4 have been 
omitted and 7, 8 and 9 combined. Block 10 has been divided into three umts, Usambaras 
(102), Llagurus (106) and Udzunguas (10c) The difference between these reflects the 
occurrence of the two sylvicolous Из perohus, which may or may not be endenuc to Usam 
baras and Ldzungwas respectively An attempt is aho made to show similarity between block 
Sand those parts of blocks 6 and 7 stiuated within the well-explored Cameroun in order to 
analyse similarities between areas with comparable exploration. 
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Fig 4 Medium species arversification in syly.colous Amphibia This pattern 1» shown by sylvicolous 
Leptopelis and Afrixalus 


Ch romantis rufescens 


lig § Minimal species diversiizat.on m forest Amphibia This pattern is not shown бу any Hy pero- 
Indae or Leptopebs 
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1. Liberia Block 

2. Gold Coast Block 
5. Cross-Sanaga 

6. Congolian Coastal 
7-9. Congo Basin 
10а: Usambara 


10b. Uluguru 
10c. Udzungwa 


Fig 6 Quotient of Simulanty between sylvicolous Amphibia in forest blocks. See text for explanauon 
* QS between 5*6 versus 7-9. 
The two tables show in greater details the QS between selected areas. 


There are no common taxa between the three “ecoregions”. blocks 1-2, 5-9 and 10 When 
a possible connection between 1-2 and 5-9 nevertheless is indicated m fig 6. 15 it because it 
could be argued that these regions show similarity m their faunas through species pairs, 
probably closely related The West African Leptopelis macrotis, L occidentalis, Afrixalus 
vibekensis and Асали xaluy sonjae may thus have "sister species" 1n Central Africa, namely £ 
rufus or L тот, L boulengeri, Afrixalus laevis and Acanthixalus spinosus. An additional 
argument is also that several members of other familhes, such as Слот rufescens, several 
Bufo, etc , are in common between these ecoregions. Block 10 has only one species, Afrixalus 
uluguruensis showing simlanty to a Central African form, 4 асра. The four Leptopelis 
seem dissimilar to any of their Central African counterparts. It can therefore be argued that 
the sylvicolous fauna of West and Central Africa may have а common root, whereas the 
fauna of the Eastern Arc Forests has developed independently of the rest of Africa's forest 
treefrogs 
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YA, sexes dorsalis 
KK Hyperolius tuberculatus 


[| Leptopess tavomaculatus. 


Fig 7 Тһе three typical distribution patterns found among the parasylvicolous treefrogs: а West 
African distribution (4jrt vals dorsalis, the species which ts found further 10 the South), a Central 
African distribution (As реги tuberculatus) and an East African distribution (Leptopeds flavo- 
maculatus) 


THE PARASYLVICOLOUS FAUNA 


DISTRIBUTION 


The distribution of the parasylvicolous fauna shows a pattern fundamentally different 
from that of the sylvicotous fauna. The overall picture is of three separate regions where. 
however, the borders between two of them differ from those of the sylvicolous faunas 
(fig. 7): 

(1) А western fauna found throughout West Africa and further south m a belt along the 
Atlantic coast of Central Africa (blocks 5 and 6) Afrixalus dorsalis and probably Hyperolius 
adspei sus are found as far south as coastal central Angola, the other spectes taper out farther 
north along the coast (table 3 and fig 8) It is noteworthy that none of these West African 
species are found further inland in Central Africa into block 7. 1n spite of lack of obvious 
physical or vegetation barriers. 
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Fig 8.- Boundanes in the distribution of parasylvicolous treefrogs. 

The lines A-G are based on a dense network of collecting localities and in most cases on the 
occurrence of vicuriant taxa on euher side of the line. In contrast, the credibility of the boundaries H-K 
15 basically different since collecting there was so sporadic that arbitrary lines had to be drawn based on 
the scattered collections, and placed rough.y between sach collecting localities and between the refuges 
proposed in fig 9 Availabe data do not permit to conclude that the boundaries between several pairs of 
vicariant taxa coincide exactly, even when this map implies so 

A, Eastern limit tor Hi рег occidentalis, and western limit for H priturat, H concolor and 
Afri alus d. dorsalis 

B, Boundary H f fusciventris vs. H. f. lamtoensis, and Kassina cochranae vs. K arboricola 

C, Eastern limit for H f. burtoní, and boundary H svivaticus svorensis vs. Н. х svhraticus 

D. Boundary H picturatus vs. H. Баштанні 

E. Dahomey Gap. where w and e represent the western and eastern border of the savanna 
gap boundary H s sylvaticus vs. Н s nigeriensis, H с concolor vs. H. с. thadanensis, and eastern. 
boundary for K. arbaricola 

F, Cross river’ boundary H. c. ibudanensis vs. Н. с ssp, L. lloides vs, L. aubryi, Н, f. burtoni vs H.J 
ssp., and western hit for H bohfamPae, Н. ocellatus, A. paradorsalis and H. keligae 

G. Sanaga river southern amit for H fosc nentris, Н i hyaticis and H concolor, north-western limit 
Tor H pardalis H planiceps and H phantusteus northern mit for Cr proti lax хосе ји and south- 
eastern limit for H camerunensis 

H. Boundary Cameroun Rio Mam boundary 1 dersatt vs 4 d reeiluris, and РАР сенти 
leonard vs. P boulengeri. 

1. Central Gabon 

1, Boundary Gabon République du Congo southern hmi for E пении, 1. notan and H 
pardal 

К. Boundary Republique Democratique du С onge Angola southern known Пт tor £ abri, H 
phantasticus, Н @йхрегзих (Э. Р leonard and C. greshoffu, northern hmi for А osori» along coast, 

L, Southern limit for A dorsalis regularis and probably H adspervus 

M. Boundary H. putcfielli vs H rubrovernnculatits 
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(2) A Central African fauna, from Cross river eastwards, different from the western fauna 
at species level. In the western part of the range, in the Cross-Sanaga forest and Congohan 
Coastal Forest ecosystem, this fauna is overlapping with the western fauna 


(3) A distinct fauna in the Eastern Forests showing a total separation at species level from 
the remaining forests. 


There is a considerable splitung up into subspecies, especially m the western fauna. 


DISCUSSION 


A pattern similar to the splitting up of the sylvicolous Hyperoliidac into distinct insular 
faunas m discrete forest blocks 1s not seen among the parasylvicolous species. Instead, there is 
a considerable splitting up at places that appear "random" in the way that a clustering in 
groups of taxa sharing the same distribution seems to be lacking (fig. 8), This 1s especially 
apparent in the well-explored West Africa-Cameroun region and at the subspecific level in the 
most "versatile" genus, Hj perolius. In ScHi01Z (1967), this "random" splitting up m West 
Africa was explained by the natural habitat, namely open, dry forest, being originally only 
found in a narrow belt, a forest edge at the well-defined forest-savanna border - plus in gallery 
forests stretching as tongues up into the savanna Only when man disrupted the moist forest 
belt through farming and felling and thus created a network of open habitats, did large 
areas become suitable for the parasylvicolous fauna Such an original, "linear" or "one- 
dimensional" distribution might facilitate taxonomic sphtüng up at rather insignificant and 
perhaps temporary barriers. 


The westernmost part of West Africa (western Sierra Leone and adjacent parts of 
Guinea and Senegal) seems distinguished by the presence of the endemic H) perolnts occ iden- 
falis, as well as by the absence of the otherwise abundant and widespread species Hyperolius 
concolor, H picturatus and Afrixalus dorsalis 


Itas noteworthy that the two most distinct gaps for the sylvicolous faunas in West Africa 
are either not recognisable for the parasylvicolous fauna (V-baole) or rather unimportant 
(Dahomey Gap). 

The Cross river 1s the western limit for several central African spectes, whereas a majority 
of the parasylvicolous species from West Africa continues along the Atlantic coast at least 
into Cameroun The parasylvicolous fauna of the Cross-Sanaga and the Congohan Coastal 
Forests thus consists of two distinct fauna elements. а Central African mixed with a distinct 
West African element where no less than 5 out of the 8 parasylvicolous spectes of treefrogs 
occurring in Ghana are also found in remote Cameroun, including 4 out of 5 /hiperolun, a 
number tapering out when moving south from Cameroun along the coast None of them atc 
found inland m Central Africa. In comparison, none of the sy lvicolous treefrogs from Ghana 
occurs in Cameroun. 


Another element of parasylvicolous species is widely distributed in the Congo Basin but 
a closer analysis of the parasylvicolous fauna of central Africa is not possible with our present 
knowledge 
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The Eastern Forest has a pattern of distribution different from the western forest blocks. 
The parasylvicolous fauna is widely distributed on suitable localities 10 the eastern lowlands 
as well as on the Eastern Arc. Contrary to the proposed “linear” or “one-dimensional” 
original distribution in West Africa, the original (1.e., before man transformed the landscapes) 
distribution of the parasylvicolous species in the eastern forest has been "two-dimensional", 
not confined to a narrow zone between moist forest and savanna, since the climax vegetation 
in the eastern forests has been large areas with a dry forest/savanna mosaic, habitable 
throughout by the parasylvicolous fauna Of the parasylvicolous species in the eastern forests, 
only the species pair H) perolius mitchelli vs. H rubrovernuculatus (found respectively south 
and north of the Kenya-Tanzanian border) shows a pattern similar to that of West Africa with 
vicariant taxa replacing each other. Significantly this ss where this eastern forest becomes a 
narrow "corridor" near its northern border, and a division there could be explained in the 
same way as the distribution pattern in West Africa (fig. 8). 


Povwrow (1990) discussed the distinctness of the East African lowland fauna (below 
300 m) and reached the conclusion that this fauna is not well defined or well delimited, but 
that nevertheless the lowland fauna has “а homogeneity which accords with the idea of a 
discrete ‘fauna™ (р. 291). If his analysis (e g., his figure 4) had included all the parasylvicolous 
frogs and had separated them from the savanicolous group, a much clearer pattern would have 
emerged with a distinct fauna found їп the eastern lowlands, but generally penetrating higher 
up than the 300 m limit, into the parasylvicolous habitats in the Eastern Arc forests. 
apparently as high up as such habitats are found or explored (app. 4). Members of this fauna 
are here found to above 1000 m, sympatric with the sylvicolous fauna West of the Eastern Arc 
mountains, the parasylvicolous fauna of block 10 seems to be absent, perhaps because of 
absence of the relevant habitats throughout the And Corridor. 


Poynton (1999: 485) found “endemism relatively low" m the East African lowlands, 1 
claim, however, that endemism in the forest block here termed eastern forests i$ 100%, not 
only for treefrogs. but also for other Amphibia This apparently dramatic discrepancy is partly 
because Poynton limited his study to lowlands below 300 m, although a significant part of the 
fauna is found higher up, partly because 1 restrict my study to the parasylvicolous and 
sylvicolous faunas, omitting the numerous savanicolous species, many of which are found 
further mland 


THE MONTANE FAUNAS 


Several families of Anura have a strong element of orophile, forest related. species 
and genera, In many cases the tadpoles are adapted to swift-flowing streams, and the 
species could be termed rheophile rather than orophile. No rheophile treefrogs. are 
known, and an orophile clement m this group 1s ill-defined and seems weak A number of 
species are only or predominantly found above 1000-1500 m and are often regarded as 
montane, but it can be argued that there are few real montane species among the treefrogs 
smee most species can be found as far down as suitable vegetation 1s found. to 100-200 m. 
"Therefore no attempt has been made to distinguish the montane spectes as a special category 
in this study 
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The “montane” species in the tropical forest belt are found in three areas, namely mount 
Cameroun and the Cameronese ridge, the Albertine rift mountains including the Itombwe 
plateau, and finally the Eastern Arc mountains. The “montane” treefrog faunas in these three 
areas are separate from each other at species level. The best developed orophile element ts 
found in the Albertine rift montane areas with a number of species known only from high 
altitude (sce block 9, p. 16). In the Eastern Arc mountains. a few species are known only from 
altitude above 1000 m but they are all species known from so few localities that a realistic 
assessment of their alutudmal distribution js uncertain (app. 4, discussion p. 19), In the 
Cameronese ridge only one treefrog, Afrixalus lacteus, 15 confined to high altitude, the 
remaining treefrogs from this area can occasionally be found at low altitude (AMET, in litt.) 
The well-investigated mount Numba (1750 m) in West Africa has no orophile trecfrogs. 


CONCLUSION 
THE HISTORY OF THE SYLVICOLOUS AND PARASYLVICOLOUS FAUNAS 


In Schiøtz (1967), it was postulated that the distribution pattern of the West African 
sylvicolous treefrogs could be explamed fully from the vicissitudes in late Pleistocene, during 
which the fast and period has divided the forest into isolated islands for sufficiently long 
periods to allow the most versatile genus, МНурегойив, to develop discrete species, while the 
more conservative genera Afrixalus and Leptopelis did not show a splitting up on either side 
of V-baole, but a distinct break at the species level at the Dahomey Gap. The most conserva- 
tive genera Chiromantis, Bufo and Prychadena show only limited division between West Africa 
and Central Africa. There аге thus three “levels” of species diversification for the sylvicole 
Amphibia (fig. 3-5) 

The relevant factors seem to be climate fluctuations resulting in vegetational fluctuations 
during the latter part of Pleistocene, over approximately the last 40,000 years ((TtNstEY et al., 
1996, Matty, 1996): a cold and arid period from 40,000 to 12.000 years before present (ybp) 
resulted in the lowland forest retracting considerably, to be partly replaced by savanna. Most 
extreme aridity occurred from about 25,000 to about 12,000 ybp, during the glacial maxima in 
the northern hemisphere. There is. however. extensive evidence that lowland rainforest 
persisted in a number of refugia determined by local conditions of altitude, precipitation and 
soil type The most common state in the upper Pleistocene would be a relatively fragmented 
forest mass, but with larger areas of forest than those postulated for the most and phase 


The end of the last glaciation was characterised by a rapid rise in temperature approxi- 
mately 12.000 years аро The lowland tropical forest expanded, reaching a maximum eirca 
7,000 ybp, a maximum which, however. did not unite the Central African forests with those of 
the Eastern Arc. 


It is suggested (MALL v. 1996) that in the last major arid phase (circa 18 000 ybp) forest 
refugia persisted as two or three areas in West Africa, onc in the Cross-Sanaga forest, four 
refugia in the Congolian Coastal forest. one large refugium along Congo river, another along 
the Albertine rift and finally a number of small refugia in the Eastern Arc mountains (fig 9) 
Cor yN et al (1991) suggested а more complicated pattern for the Congo Basin 
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Fig 9 ~ Proposed dry-period forest refugia Redrawn after Mat i y (1996). with à small refugium added at 
mount Doudou, Gabon. as proposed by Sostt (1994) Also added are the Fastern Forests. 


Based on the proposed forest refugia, one can explain the distinctness of blocks ] and 2, 
and 5 and the northern part of 6. whereas the southern part of 6, south of Cameroun. and of 
7, 8 and 9 are not well collected enough to allow drawing conclusions. Therefore the four or 
five refugia suggested (Marey, 1996) from Equatorial Guinea (Rio Muni) to Mayombe 
cannot with our present knowledge be substantiated through the distribution of the treefrogs, 
although we have collections from localities situated at or very close to all of them 


The three ecoregions in the Congo Basin scem, with our present knowledge, to have a 
very similar lowland fauna. Whether the small differences between the three blocks point at 
three diserete regions with the Congo and Lbangt rivers as borders, or gradual changes in the 
huge Congo basin ts not known Three well-defined regions with clear borders, as suggested 
by WWE's divisions into ecoregions, would seem unlikely since drier periods in Pleistocene 
probably never spht the Congo Basin forest up into three refugia separated by the river, a 
situation of Congo basin refugia as indicated im fig 9 would seem rather more likely. 


Data for primates supported by plants (€ ot уке al, 199] jseem to point at faunal breaks 
in the Congo basin originating [rom several nuclear areas on both sides of the Congo-Lualaba 
tier suggesting that, during the last and period, populations survived m several refugia 
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within the Congo basin. Zones of intergradation strongly suggest that dispersal operated 
from these areas and not only from the Albertine rift and from the West Central (Cameroun- 
Gabon) refugia. 

Block 10 shows no sign of having been connected with the rest of the blocks, with по 
species in common. 


It is difficult to say whether the occurrence of several small genera of Hyperoludae in 
Cameroun ts caused by a refugium there having persisted even longer back їп ume, or by the 
forests there having been consistently wetter and thus more favourable for frogs and their 
diversification, or on the perseverance of herpetological scrutiny. 


The forest in the Congo basin 1s frequently described їп the literature as species-poor, a 
poverty explained by it being a young forest as shown by it standing on Kalahari sand. Thus 
FAIRBRIDGE (1968) wrote: “almost the whole Congo basin was invaded by dune sands from 
the Kalahari durmg the period 50 000-10.000 В.Р”, and many other authors supported this 
idea, WHITE (1993) rejected this theory and suggested it was based on confusion between 
“Kalahari sands” and the "Kalabari geological system” According to White, the sand dunes 
and formations are nowhere approaching the equator, and the forest in the central Congo 
basin is not particularly young 


The theory that refugia in the lowland forests has acted as evolutionary centres was 
challenged by FuripsA & Lovrrr (1997) Based on birds and some plant families in forest 
biota, where the authors distinguished between old and young species, they did not find strong 
evidence for the importance of Pleistocene refugia as centres for allopatric speciation They 
saw the refugia rather as "museums". maintaining old species, and demonstrated that "the 
prohferation of young species takes place mainly at the periphery of the main rainforest 
blocks" The data for sylvicolous treefrogs, meagre when they are compared to birds and 
plants, might add arguments to this discussion. For most genera of Amphibia among the 
treefrogs Leptopelis and Afriyalus the refugia can be seen as museums, carrying sets of 
species through periods of forest division, but for Hyperolius the rule seems to be that each 
mayor, well-investigated forest block which has harboured a refugium has developed its own 
set of sylvicolous Ay perolts An explanation could be that the genus А perolus is more 
"versatile" so that the rather brief periods of isolation of the refugia have been sufficient for 
these refugia to act as evolutionary centres. Hy perofun would thus according to Fjeldsá & 
Lovett’s term be composed of “young species” The considerable subspecific splitung up of 
the parasylvicolous treefrogs compared to the sylvicolous may suggest the parasylvicolous 
laxa to be younger than the sylvicofous. The diversification of the parasylvicolous species, 
apparently unrelated to former forest refugia, seems to have taken place at “the periphery of 
the forest belt”, namely along the origina! forest-savanna border (present paper, р. 15) Data 
lor diversity of treefrogs (ScHtOT7, 1999. fig 2) using WorldMap as basis for analysts, 
apparently support the view of Ejeldsá & Lovett by showing a peak of diversity in the 
periphery of the forest belt, most conspicuous in the well-investigated West Africa. A closer 
analysis of the data for treefrogs shows, however. that this is solely caused by an increased 
habitat diversity m the Porest-savanna transition zone within the rather coarse 110 x ПО km 
grids used by WorldMap, where the syls icolous. paras icolous and savanicolous faunas are 
Superimposed None of these three faunas becomes more diverse here. understood as richer in 
Species or subspecies, but all three faunas are present within a grid, as different from the 
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condition further away from the transition zone. This comment is not relevant to Fyeldsa & 
Lovett's own conclusions since they deal only with forest-related species. 


In strong contrast to the explanation presented here of the present distribution pattern 
being explicable by climate fluctuations in late Pleistocene and Hyperolims being a genus of 
young species, WIECZOREK et al. (2000) postulated a far longer history for the diversification 
in the genus Hyperolius Their thesis 15 based on mtDNA sequence data, habitat preference 
and current distribution. By referring each node in their dendrogram, based on mtDNA (p. 
1237), to a distinct geological, climatic and vegetation change without making it clear why 
each step on their dendrogram necessarily corresponds with one step on their list of palaeoen- 
vironmentalchanges they claim that they can trace the species diversification in the genus 
Hyperolius back to Cretaceous and Palaeocene. An assessment of their theory is difficult since 
both their distubution maps and their references to habitat preference are unconventional. 
The authors thus work with habitat preferences savanna, forest and generalists. The latter 
term is not explained. If the term generalist refers to what is here termed parasylvicolous I do 
question the correctness. The parasylvicolous fauna does not seem more generalised in its 
habitat choice. than the sylvicolous and savanicolous, and the 6 species referred to that 
category in their paper do not clarify matters since it refers to 2 montane sylvicolous species, 
2 parasylvicolous and 2 savanicolous, whereas all their “forest species” аге parasylvicolous in 
my terminology Rather than giving distribution maps based on collected specimens, their 
distribution ıs “extrapolated taking into account. habitat utilisation” But since their 
allocation to habitat utilisation 1s most unconventional - and unexplained in the text - so are 
the resulting distribution maps. 


A theory of theirs 15 that the genus //урегойи$ originated as generalists and became 
increasingly specialised in terms of habitat Strangely their only supportmg argument, 
Нурегойиз cinnamomeoventi ts, which 1s both the basal lineage on the dendrogram and the 
only suspected generalist in the genus (apparently bemg both parasylvicolous and savanico- 
lous, unless it is a composite of several spectes). is termed in their paper as a forest species and 
would thus seem to contradict their thesis. Unfortunately no sylvicolous species from low land 
forests 1s included in their study Bringing species diversification in. //iperofis back to 
Cretaceous would make this genus the oldest African frog genus together with Xenopus Not 
until Miocene do we have records of other families than Pipidae (Dui t (MAN, 1993). The latest 
diversification in their dendrogram on p. 1237 is during "Pleiocene" (Phocene or Pleistocene?) 
but seems only to have influenced speciation in the superspecies H) perolius virdiffayus, a 
group of very closely related savanicolous taxa. 


Т doubt whether the present species structure in. Ai perolnes has its rooting back in 
Cretaceous, 70 million years ago. I feel that Arperolius shows many signs of being a very new 
genus, more m the process of rapid, recent speciation than most or all other African genera of 
Amphibia I feel that the species pattern in the genus Hi perofis can be Sully explained as the 
result of climatic and vegetation changes during late Pleistocene, a period of approximately 
35.000 years. 
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APPENDIX | 


LIST OF TAXA MENTIONED IN THIS PAPER, 
ACCORDING TO THE FAMILIAL AND GENERIC TAXONOMY OF FROST ET AL. (2006) 


Genus 


] Species and subspecies 


Family HYPEROLIIDAE Laurent, 1943 


LAcanthixalus Laurent, 1944 


sonjae Rédel, Kosuch, Veth & Ernst, 2003, sinosus (Buchnolz & 
Peters. 1875) 


Afrixalus Laurent, 1944 


Barbour & Loveridge, 194%), vibekensis Schiøtz, 1967 


dorsalis dorsalis (Peters, 1875), dorsalis regularis Laurent, 1951, 
equatoriais (Laurent, 1941); fulvovutatus (Cope, 1861); lacteus Perret, 
1976, laevis (Ahl, 1930); leucostictus Laurent, 1950, mgerrensis 
Schiøtz, 1963, osorior (Ferreira, 1906), paradorsalis Perret, 1960, 
schneideri (Boettiger, 1889); svivaticus Schotz, 1974; uluguruensis 


Callixalus Laurent, 1950. 


Alexteroun Perret, 1988 An psighonus Amet, 2000. ух Aruet, 2000, озен icons (Al, 1931) 
Arlequinus Perret, 1988 krebsi (Mertens, 1938) 


pictus Laurent, 1950 


[Chlovolius Perret, 1988 


koehleri (Mertens, 1940) 


Cryptothylax Laurent & Combaz, 1950 


greshoffit (Schwlihus, 1889), munutus Laurent, 1976 


Hyperolius Rapp, 1842 


acutirostris Buchholz & Peters, 1875, adspersus Peters, 1877, ай 
Ahl, 1931; baumann: Abl, 1931, bohirensis Schotz, 1967; balifambae 
(Mertens, 1938); bopeleti Amuet, 1980, brachrofascuatus Ahl, 1931, 
camerunensis Amet, 2004, castaneus Ahl, 1931: chlorastens 
(Boulenger, (915); chrysogaster Laurent, 1950: cmmamomeoventris 
Bocage, 1866, concolor concolor (Hallowell, 1844); concolor 
ibadanensis Schetz, 1967, diaphanus Laurent, 1972, dintelmanni 
Lotters & Schmitz, 2004; endjami Amiet, 1980; ferrugineus Laurent, 
1943: frontalis Laurent, 1950, fusciventris burtoni (Boulenger. 1883). 
fusciventris fusc ventris Peters, 1876, fusciventris lamtoensis Schiot, 
1967, ghesqueeri Laurent, 1943; guitulatus Günther, 1858, hursebauti 
Laurent, 1956; inornanis Laurent, 1943, Krhangensis Scholz & 
Westergaard, 1999, kivuensis Ahl, 1931, kuligae Mertens, 1940, lange 
Noble, 1924, lateralis Laurent, 1940, laurenti Schatz, 1967; leleupi 
Laurent, 1951, /#еисогаеттз Laurent, 1950, mitchelli Lovendge, 1953. 
imosaicus Perret, 1959, nasutus Günther. 1865, menokouensis (Ródel, 
1998), numbae Laurent, 1958. occidentalis Schiøtz, 1967, ocellatus 
Günther, 1858, pardalis Laurent, 1948, phantasticus (Boulenger, 1899). 
picturatus Peters, 1875; platvceps (Boulenger, 1900), punciiculatus 
(РїеПег, 1893), rnzgenbachi ieroglypincus Ahl, 1931, rregenbachr 
riggenbachi (Mieden, 1910), robustus Laurent, 1979, rubrovermic ulatis 
Schiatz, 1975, sankuruensis Laurent, 1979, spimwularis Stevens, 1971, 
sylvaticus ivorensis Schatz, 1967: svivaticus ngeriensis Schiotz, 1967. 
svisaticus svlvatieus Schatz, 1967, tannerorum Subnet, 1982, torrentis 
Schiotz, 1967, tuberculatus (Moequard, 1897), viruliffavus (Dumenil & 
Bibron, 1841); viridigufosus Sehiatz, 1967, wermutin Laurent, 1961. 
xenorhinis Laurent, 1972. zonatus Laurent, 195% 


Kassina Gurard, 1853 


[Ophist tiny tax Perret, 1966 


Laurent, 1952. schiwerzt Rodel, Grafe, Rugolt & Lst, 2002 


arboricola Perret, 1985, сос йгапие (Lover 941y decor att (Angel, 
1940), lamotrer Schotz, 1967: maculosa (Sternleld, 1917) mertensi 


immaculatus (Bou enger, 1903) 


Phive trmantis Laurent & Combaz, 1950 


houlengeri Perret, 1986; keithae Sclnorz, 1975, /eonardi (Boulenger, 


1906}, verrucosus (Boulenger, 1912) 
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APPENDIX J (continued) 


Genus Species and subspecies 


Family ARTHROLEPTIDAE Mivart, 1869 


Arhrolepsis Smith, 1849 
Astylosternus Werner, 1898 

Card oglossa Boulenger. 1900 
LLepadactyladon Andersson, 1903 


Bates: (Boulenger, 1900); diadematus Wemer, 1898 

gratiosa Amet, 1972, mgromac айога Nieden, 1908 

albiventris алети (Boulenger, 1905), athrventrrs Pueamy Amel, 
1981, avarus Andersson. 1903, ventrimarmoratus (Boulenger, 1904) 
Laubryi (Dumeril, 1856); barbourr Ahl, 1929, boulengerr (Wemer, 
1898); brevirostris (Wemer, 1898); calcaratus calcaratus (Boulenger, 
1906), calcaratus meridionalis Laurent, 1973; christyi (Boulenger, 
1912), erystallmoron Lótters. Ródel & Burger, 2005, fenestratis 
Laurent, 1972; fizrensis Laurent, 1973, flavomaculatus (Gunther, 1864). 
dntoides (Boulenger, 19063; kivuensis Ahl, 1929, mackay: Kobler, 
Bwong, Schick, Veith & Lóters, 2006, macrotis Scluetz, 1967, millsont 
(Boulenger, 1895), modesius (Werner, 1898), notarus (Peters, 1875). 
accidentalis Schotz, 1967, ocellatus ocellatus (Mocquard, 1902), 
ocellatus schiot Laurent, 1973; omissus Amiet, 1992; parker: Barbour 
& Lovendge, 1928, rufus Reichenow, 1874: uluguruensis Barbour & 
Lovendye, 1928; vermuculatus (Boulenger, 1909); zebra Amiet, 2001 


Family BUFONIDAE Gray, 1828 

Bufo Laurenti, 1768 = = 

Family PiP/DAE Gray, 1828 

Xenopus Wagler, 1827 _ [> 

Family P7YCHADFNIDAE Dubois, 1987 
Е 


Family PHRYNOBATRACHIDAE Laurent, 1941 


[ерїорейз Günther, 1859 


Phrynobatrac hus Gunther, 1862 
Family RHACOPHORIDAE Hoffman, 1932 (1858) 
сепз (Gunther, 1869) 


Chtromants Peters, 1854 


APPENDIX 2 


COMPARISON OF TERMINOLOGY BETWEEN THIS PAPER, 
WWF's GLOBAL 200 (OLSON & DINERSTEIN, 1998) AND PoyNTON (1999) 


Present treatment Global 200 POYNTON, 1999 


| L bcr (block 1) + Gold Coasi (block 2) 
3) 


ичн Western province of West Equatoria: 


'olta -Tos 


20 No sipian латерна Ў 
Ner im ester part of Congolian 


Cenwal, East and 


Coastal Forests South Province 
|. Savhem рап of Camolian Coastal of West Fquatorial Region 
Forest. 
North-western € angostan Forests (block 7)| — Weslern Congo Basin Moist 
prn Not congruent with 


Солна Congehan Lorcsts (blows к) subdivisions of WWI 


North-ea 


Салка эпо Has п Mors, Fe texts 
North easier Congo Basin 


Congolian Forests (block 9) 


Eastern Forests (block 10) 


Eastern Arc Montane Forests, 
+ Кам Atrican Coastal Forests 


Faster province of Intertropical Montane 
Region + asl Coast Forests 
+ Forested parts of eastern Coast Lowlands 
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APPENDIX 3 


NOTES ON PROBLEMATIC SPECIES 


A number of treefrogs, especially from Central Africa, have unknown habitat preferences and are 
therefore omitted here. They аге Cry ptothy lax minutus, Hy perohus brachiofasciatus, H chrysogaster, H 
duphanus, H ferrugineus, H тоғпагих, H leucotaenus, ЇЇ sankuruenus, H \enorhinus and Leptopclts 
fenestratus. 


A group of treefrogs seems to prefer habitats which are intermediary between sylvicolous and 
parasylvicolous. and reference to esther of these categories can be disputed Itis my impression that such 
species do not generally have broader habitat requirements, being more generalised than others, but are 
rather "m between", preferrmg dense vegetation in parasylvicolous habitats or open vegetation m 
syl icolous habitats. /7) peroduis sy fatus, Kassma cochranae, K arbort ola and Phi) ctimantis boulengeri 
were with reservations referred to as sylvicolous by $11072 (1967) Here, partly based on the extensive 
field knowledge of Röver {in А), they are termed parasylvicolous although found n denser vegetation 
m this habitat type Similarly, Амит (1986) has listed. Acanthixalus spinosus, Afrixalus paradorsalis, 
Hyperoliis kuligac, H ocellatus and H platyceps as occasionally occurring in both habitats, The preferred 
habitat 15 used here. 


The so-called Afrtvalus fulvovittatus group (Scuotz, 1999) (striped Afrixalus) has an unsettled and 
confused taxonomy, probably cons.sting of several species, some savan.colous, others parasylvicolous, 
The parasyly.colous form in western West Africa (4 fhovittatus sensu stricto) seems well defined in 
westernmost Africa, but Ropri et al (2005) mentioned the possible occurrence of this species in 
south-western Ghana Ворт & Pick воа (n htt ), however, raised doubts about the identity of the 
eastern samples. A photo by Leache sent to me by Pickersgill (from Ankassa, Сһапа)1ѕ of A огай with 
a middorsel stripe In Cameroun and Central Africa the situation 1s unsettled This complex is disregar- 
ded here. 


Afrivalus schneadert is an emgmatic species with a characteristie morphology which could indicate. 
that it is the Cameronese representative of a group of large sylvicolous Afrrsaluy including A equatornilts, 
А lewostetus and А mgertensts, but only one specimen 25 known, from a very well explored part of 
Cameroun 


A, perolius spintaularis has an enigmatic habitat preference, being apparently found both m dense 
forest and .n very open farmland, but so inconspicuous and therefore easily overlooked that distribution 
cannot be given. Most records are above 1000 m. The species is omitted in this study 


Hyperoltus lung: is omitted since its habitat preference and taxonomy are badly understood espe- 
ually m relation to H Aulreue and H phaticeps Doubttul records from Uganda (Scimotz, 1999, as H 
Auhgae) may Бе Н langi 


Hhporelues cnnamomeorenters is the only Hiperolan assumed to be both parasylvicolous and 
satuimcolods. Only parasylvicolous populations are dealt wth here, as this name m.ght possibly cover 
several species. 


Spotted Aussi from forest regions form a parasylvicolous group with an unsettled taxonomy In 
West Africa, Корн et al (2002) revised the group. and two members. А бок and K cociranac are 
mluded in this study The third. West African species, K sehere 8 omitted because of uncertainty 
about its habit it attimty Further cast the situation ts unsettled In the well investigated Cameroun, several 
taxa seem to be confused under the name А acides ot A decorata. Eurther east. available material s 
insufficient. The spotted forest kassinas from Central Africa are therefore omitted 


Leptopebs modestus has a doubtful taxonomy Possibly four taxa are шуо] from Cameroun 
possibly two taxa with slightly different morphologie Irom montane forests (eastern Nigeria and western 
Cameroun) and lowland forests tthe latter harbourmg the type locahty), furthermore recorded Irom 
eastern Congo and Irom western Kenya, the latter population having recently been described as Z 
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muckay: Only the Cameronese populations of L modestus and L mackaj i are treated here, the eastern. 
Congo populations omitted 


Phiyctimantis boulengeri occ ars in the Liberia block and in the westernmost Gold Coast block, and 
then, after a h.atus of 1000 km, in easternmost Nigeria and m Cameroun Bemg a conspicuous species. 1t 
was probably not overlooked тп between There 15 suspicion that the two populations, “Р boulengeri W“ 
and “Р boulengeri E" are two different taxa (RODEL & ERNST 2001, ScHioTz, 1999), therefore the two 
populations are treated here as separate taxa. 


APPENDIX 4 
ALTITUDINAL RANGES OF SPECIES IN BLOCK 10 


Data were kindly provided by PovNTOw (in litt ) and supplemented with my own data 


200 m ıs the lowest investigated altitude with closed canopy moist forest (cast slopes of Eastern 
Usumbaras) 


PARASYLVICOI OUS SPECIES 


Hyperolius mitchelli 10-1050 m 
Hyperolius puncticulatus: 10-2100 m 
Leptopehs flavomaculatus : 10-1370 m 
Phiyctimantis keithae: 1840-1950 т, 


SYLVICOLOUS SPECIES 


Afrixalus uluguruensis : 750-1740 m. 
Hyperoltus kihangensis. 1410 m. 
Hyperolius tannerorunt. 1740 m. 
Leptopelis barbouri: 1000-1740 m. 
Leptopelis parkeri 410-1740 m 
Leptopelis uluguruensis: 20-1250 m 
Leptopelis vermiculatus: 200-1410 m 


Source . MNHN, Paris 


